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The cyc lic nu cleotides. cyc lic 3'.5 '·adenosine 
monophosphate (cyclic AMP) and cyclic 3' ,5'-
guan os ine monophos phates (cyclic GMP) a re 
small molecules fo rmed intracellularly and broken 
down or me\abolized intrat ellu\ar\ \'. Their forma-
tion occurs in response to extern~ 1 s ignal s (hor-
mOnes. prostag-Iandins) acting on the cell mem -
brane. Their mission is to translate these extern al 
s i gn al~ into changes in intracellular metabolism 
whi ch will result in an appropriate response for the 
particular signal. Change!-; in the concentrations of 
these cyclic nucleotides. a re an important control-
ling inf1uence in most cellular acti\-ities. induding 
ce ll proliferat ion . 
lnformat ion concernin g the role of the cyclic 
nucleot ides in the epidermis is limi ted almost 
exclU5iively to their control of ep iderma l cell proW'· 
eration. Most of this inform ation was de ri \'ed in 
the early 19iOs by Voorhees and his colleague~ in a 
se ries of expe rimental and theoretica l papers. (ci ted 
in [1]1. The fac ts a nd hypotheses adva nced by 
these workers are t he fcHowing: 
1. Cell prolife ration may be stimulated by a fall 
in cyclic AMP levels ( 1972) [2 [. 
2. ('ell proli i'era I ion may be stimulated by both a 
fall in cyclic AMP levels and a rise in cycli c 
GMP levels. The re'·erse will inhib it cell 
prolifera ti on (197:1. 1974) [:U J. 
3. In psorias is. cyd ic AMP in the lesional skin is 
reduced in comparison with the uninvolved 
s kill (1972, 197~) [2, 3 J. 
4. In psoriasis. cyclic GMP in the lesional skin is 
increased in com pa rison with t he s u rround-
ing, normal -a ppearing s kin ( 1973) [3 J. 
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Abbrev iations: 
MED: m inimal ervthema duse 
PCE: prostaglandin E 
UV: ult rav iole t 
During the past few years evidence has been 
published which requires a revision of the above 
statements. It is the purpose of t his paper to review 
this newer inform ation a nd to revise the state· 
ments accordingly so that future research may be 
planned more productively. I shall present evi-
den ce from nonepidermal cell and tissue culture 
systems which s uggests t hat a rise in cyclic GMP is 
related to increased cell proliferat ion. A fall in 
cyclic AMP does not seem to be implicated . J shall 
also discuss data which indicate thaI in both 
psoriasis and experimentally induced epidermal 
hyperplas ia. cyclic AMP is increased and not 
decreased. 
In the remainder of this paper J s hall discuss the 
evidence for t he above statements. first in systems 
other than epidermis. then in psorias is. and fin ally 
in exper imen tally induced epidermal h);, perplasia 
(increased DNA synt.hesis and/or cell turnover). 
CYC LlC "llC'LEOTmE~ A~D CELL PHOUFERAT10 :\' I;\' 
~O\"EPIDERMAL. ~O:-';MALlG~A;..!T TISSl tF.S 
The most studied systems with regard to cyclic 
nucleot ides and cell proliferat ion are the mouse 
fibroblast in tissue culture. the lymphocyte. and 
the rodent sali vary gland. In 1972, evidence from 
the fib roblast system seemed to indicate that a 
decreased cyclic AMP level was associated with 
increased cell proliferation . This evidence was two-
fold : 
1. Normal fibroblasts in cultu re grow slowly and 
have a high cyclic AMP cont.ent in co mpa ri-
son with vi ral transformed fibroblasts. which 
grow rapid ly and have a lower int racellular 
cvclie AMP rontent [4 J. 
2. Normal fibroblast s in ruhure grow until they 
fill the bottom of the culture dish (conOu-
ency) and then rest. They can be st imula ted 
to a new burst of cellular divis ion by the addi-
rion of serum to the culture medium . At the 
same tim e there is an im mediate fall in the 
cyclic AMP conlent of the cell. which returns 
to normal wit.hin 1 hr. Twenty-four hours afte r 
the serum addition. int ense mitot ic act ivity 
sta rts [4J . 
Des pite th is evidence in t he fibrob last system 
which indicated t hat decreased cycl ic AMP was a 
st imulant t.o increased cell product ion. ev idence 
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was also available to contradict this concept. even 
in 19i2: 
1. The phenomenon of lymphocyte proliferation 
72 hr after exposu re to mitogens has been well 
studied. Lymphocytes exposed to phytohe-
magglulinins do not show any significant 
change in their content of cyclic AMP 151. 
2. The injection of isoproterenol into the rodent 
is followed in 24 hr by a burst of mitotic 
acti\'ity in the sali\'s ry ~laJ1d. This injection of 
isoproterenol is followed by an immediate. 
transient. large increase in the sali\'ary gland 
c~l clic AMP concen trations [6]. 
Kn oU'ledge About These Systems in t975 
The fibroblost. Although fibroblasts stimulated 
to growth by addition of more serum show an 
immediate rall in cycl ic AMP. they also show an 
immediate large rise in cyc lic GMP 17 I. The mOre 
important change has been identified from two 
experimental situations: 
1. Fibroblasts which aTe 51 imulated to prolifer-
ate, not by addition of serum. but by the 
addition of "fibroblast proliferation factor'" 
show the same initial lO-fold rise in cyclic 
GMP, the sa me increase in mitotic activity at 
24 hr. but no change in cvclic AMP 18 I. 
2. Fibroblasts forced into the resting phase by 
lack of essential amino acids in the medium 
undergo a burst of mitotic act ivity 24 hr after 
the essential amino acids a re returned to the 
medium . In this situation there is again an 
immediate lar~e increase in cyclic GMP. but 
no change in cyclic AMP 19 I· 
The i."mphoc),!e. Lymphocytes in cultu re de-
velop a 300-fold increase in D~A synthesis 72 hr 
after exposure to mitog-ens. The immediate effect 
on cyclic nucleotide levels following exposure to 
unpurified phytohemaJ!;glutinin is a large increase 
in cyclic GMP and a small increase in cyclic AMP. 
If purified phytohema~glutinin or concana\'alin A 
is used, a large increase in cyclic GMP occurs, but 
no change occurs in cyclic AMP 15 I. Furthermore. 
cyclic GMP and cyclic AMP have opposing affects 
on the induction of phosphorylat ion of nuclea r 
proteins 110 I. 
The salivory glond. Despite the fact that in the 
salivary gland a large increase in cyclic AMP 
precedes the mitotic burst occurring 24 hr a ft er 
injection of isoproterenol. further work has shown 
that these two events are not related. Chemical 
congeners of isoproterenol, such as dichloroiso-
proterenol, cause a mitotic burst but do not 
stimulate the formation of cyclic AMP. In addi-
tion , cyclic GMP is increased by the catechola -
mines which cause an increase in DNA synthe5>is 
and mitotic activity 1111. 
Conclu.sion. In the mouse fibroblast in culture, 
in the lymphocyte in culture, and in the catechola -
mine ·stimulated rodent salivary gland, an increase 
in cell proliferation is preceded by an increase in 
cyclic GMP. Cyclic AMP may fall (fibroblast ). 
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remain unchanged (lymphocyte). or rise (sali\'ary 
gland ), 
IS CY(' Ll C AMP LOW Ii\' PSOHlA~I~ " 
Three groups ha'\'e re ported studies comparing 
ski n from psoriatic lesions to uninvolved skin of the 
same pat ient. The results are: 
Voorhees et al (1972. 1973) 12.3 I 
- cyclic AMP in lesions low 
Hii rkonen et al (1974) 1121 
cyclic AMP in lesions high 
Yoshikawa et al (1975) 11 3 I 
- cyclic AMP in lesions hi~h 
Differences in methodology among these g-roups 
must be considered. 
Bot h Voorhees et al and Harkonen et al anesthe· 
tized the skin with xylocaine. vigorously cleaned 
the a rea. and used a keratome to obtain B superfi -
cial s lice of skin . The tissue was frozen immedi · 
ately in liquid nitrogen and analyzed lat er. 
Harkonen et al used a O.2-mm keratome setti ng 
to obtain specimens from both the lesional ski n 
and the uninvolved skin. Voorhees et al used a 
OA-mm setting for the lesion and a O.2· mm selling 
for the uninvolved skin. Consequently. lesiona1 
specimens obtained by Harkonen and (,o-workers 
would be thinner, contain less dermis. and ha\'e 
los t the deeper port ions of epidermal ri dges . The 
lesional specimens of Voorhees and co-workers 
would be thicker. contain all of the epidermis. and 
also conta in a large amount of dermis (which has 
much less cyclic AMP than epidermi, ) 14 I. 
We have previously reported I hat even a 1f,- to 
30-sec delay between removal and freezing of skin 
can result in a doubling of the cyclic AMP content 
(ischemic effect ) 1151. Yoshikawa et al. therefore. 
froze the area to be biopsied prior to the biopsy 
with an ethyl chloride spray. The a rea was neither 
washed nor anesthetized. A motor-driven punch 
prodded a frozen biopsy specimen which was 
immediately dropped into liquid nitrogen. tra ns· 
ferred to a freezing microtome. and sectioned at 20 
IJ . After freeze - drying:, the specimen was dissected 
free of derm is and stratum corneum with a dis~ect­
ing microscope and the pure epidermis analyzed 
for cyc lic AMP. 
The results from Yoshikawa et al are presel1 led 
in Table 1. Skin from psoriatic lesions had a greater 
concentration of cyclic AMP in 9 out of 10 case~;, 
Resu lts of various investigators are present ed in 
Table II. Two groups have therefore now re port ed 
that cycl ic AMP levels are increased and not 
decreased in the lesions of psoriasis as com pared 
with the non involved skin . 
£'XPEHIMr: ;";TALL"I' l;';DlTED l;';CHEASES 1:'0- EPlO Jo-:n · 
MAL CELL D~ .<\ SY:\,THESIS 
If we accept the fact that cyclic AMP is in -
creased in the hyperplastic epithelium of psoriatic 
epidermis. are there other si tuations where an 
increase in epide rmal cell division is 8crompa-
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TABU: I. Cyclic AMP content of dissected fesiunal and unin l'olued pure epidermis" 
U ninvul ved Involved 
cA MP (pmole!> 1 cAMPlpmolesl 
('ase In.l'~!. d ry Im~ prote in I Al/!. D:\A 1m" dry I fIl/!. prote in IIJI!, O:\A Nt). uss ut' 1I s."ue 
1.1-.,9 2 .11 0.ll!:.l6 2.89 3. 71 0.096 
2 2.77 :J .68 0 . ~86 :!.O8 4.0 1 0 . 101 
:J 1.96 2 ':;0 0.087 2.87 3.61 0 . 179 
4 1.68 2. 17 O.OW ~.n 3.5 1 0. J62 
5 4.92 6 .42 0. 190 5.:33 6.50 0.282 
6 6.:\f) B.():! 0 .41 :) 6.04 8. 15 0.276 
7 1.6:J 2.16 0.094 2. 15 2.8 1 0. 110 
8 2.80 :J.g;, 0. 17"1. :l.61 4.87 0.242 
9 2.87 3.54 0. 179 5.17 5.88 0.215 
10 :J .48 4.()J 0.247 4.44 5.67 0.298 
Averag-e :1.01 :L9:2 0.186 :1.8:1 4.87 0. 196 
.1. SE .1. 0,49 :!. 0.67 .:L 0.{);~4 ~ U.4 2 :t: 0.53 :t: 0.025 
" From {I :q . 
TABLE 11. Measurem ent of cydic AMP in epidermiso 
Relercn ce 
Voorh ees et al ( 197:2) 
Voorh('('J; et al ( 197:ll 
H i:i rkUnen ef al ( 1974 1 
Yoshikawa el al ( 1975) 
o Frum /1 :n 
I ml!,wt' t 
t l""U1" 
1.4 
I. :! 
1.6:2 
0.91 
I'I. U1 /:1.:1) 
Un i!l vl/ l\'cd 
cAMP I pm (J l e~t 
1m. 
pru tei n 
9. 1 
12.:3 
:1.92 
TABLE III. Prosl.aglandin and c.\c:lie AMP In ret inuic 
arid -inducl'd epidermal h\'perp lu8io (puineu'pi!! earl° 
EU e\·t 
lJaysol a ppll (:ll tlnn 
1 2 :I 4 .\ 
PGE , , 
Erythema . , 
Dj\j,A. :;:ynthesis ( l'dH ) I ~ + 
Cycl ic' .A.MP + .. 
Hyperplasia 
• • ~ 
, 
o From! 161 . 
nied by an in crease in cyclic AMP? To my knowl -
edge there a re four such s it ua t ions: 
1. Guinea ·pig ear epidermis st imulated by the 
topical a ppl ication of reti noic acid ; 
2. Domest ic pig hack epiderm is stimulated by 
UV Jighl exposure: 
3. Normal hum an skin epid erm is stimulated by 
the in traderma l injection nf PGE,: 
4. Mouse back skin stim ul a ted b.\, the topical 
application of phorbol esl er. 
Retinoic acid-induced hyperproli{eration In 
guinea-pig ear skin [16[. In Table III. plus ma rks 
indicate the time of max imal increases fo r the 
I., /"~ g wet 
D!\A tl S~ue 
tJ .7 0 .9 
1.1 1.0 
1 .0 
U. 186 1.1 6 
(3.83/:1.:J ) 
In vo lved 
cAMP (pm olesl 
4. 1 
7.0 
4.87 
0" 
0.7 
0. 196 
respecti\'e analyses. After 2 days of application of 
retinoic acid to the guinea -pig ear. there is redness 
and increased PGE coneennalion . On day 3. D)<A 
synt hesis (13H ITd R incorporat ion ) is maximal . By 
day 4. epidermal cyclie AMP has risen to a peak 
and epidermal hyperplasia is histologically evi -
dent. In this system, the earlies t e\'ent is a rise in 
PGE accompanied by vasodilalion (redness) . AI· 
though the increase in DNA synt hesis seems to 
peak before the increa~e in cyclic AMP. at no time 
is there a fall in cyclic AM P. 
UV light-induced hyperproii{eralion in domestic 
pig skin (unpublished data). Fi gure J details the 
results of this experim ent. Six hou rs after the 
administ ration of 3 MED (minimal erythemal dose) 
of UV lighl to one·half of Ihe back of the domestic 
pig. th ere is a large increase in PGE in the irrad i-
ated skin . This coincides with the onset of visible 
redness. By 24 hr. both glycogen and cyclic AMP 
rise and this is the tim e when the rise in DNA syn-
thesis after UV light irradiat.ion is seen in human 
and mOuse epidermis. 
PGE-induced increased DNA synthesis in 
human epidermis [Ii]. These results. detailed in 
Table IV. show an increase in ['H [fdR·labeled 
cells 48 hr after the inject ion of PGE1: into human 
skin . This ex periment is especially important be-
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FIG. 1. Cyclic AMP. PGE 2 • and glycogen response of 
pigs to UV light. expressed as fit of con lroL 
cause of the use of a si ngle chem ical agent to 
induce this change. 
Phorbol ester-induced increased DNA synthesi8 
in mouse epidermis [18). In creased DNA synthesis 
and epiderm al hyperproliferation follow the appli -
cation of phorbol esters to mouse back skin. These 
compounds a re "promoters" of skin carcinogenesis. 
Eighteen hours aft er the application of the com-
pound. DNA synthesis is maximally increased. 
Cyclic AMP levels r ise but the rise occu rs maxi -
mally at 24 hI after t he ap pl ication. i.e., aller (he 
peak in DNA synthes is. 
HOW ARE PGE Ai':D ('YC Ll C' A:vtP RELATED TO I;\: · 
CREASED O:SA SY~THES IS I~ THE EPIDERMIS? 
In three of the fou r experimental situat ions 
di scussed above. PGE was either injected or was 
the fi rst mediator found to be elevated. 1n the 
guinea- pi g ear and t he UV light experiment. this 
was followed by a measurable increase in cyclic 
AMP. it is known that PGE induces a n elevation of 
cyclic AMP in epidermis as it does in other tissues 
119] . We can . therefore. infer that in all three 
situations there was an elevation of PG E followed 
by an elevation of cyclic AMP and an increase in 
DNA synthesis. How might these be rela ted (Fig. 
2)? 
Firstly. it would certainly be consistent wit.h t he 
data if PGE stimulated DNA synthesis by a 
mechanism not involvin g cyclic nucleotides at all. 
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TABLE IV . The effects of intradermal PGE~ on epidermal 
cell proliferation 
Amount of PGE. 
injected (JoII!) 
1.0 
0.1 
O.O t 
O.iJO l 
Saline 
No. of labeled 
ce lli' per HPF 48 hr 
after injC(:l ion 
8.2 
4 .7 
4.7 
:3.1 
3.1 
I. PGE -- t DNA synthesis di rectl y 
2. PGE __ t CYC1ic AMP-tDNA synthesis 
3. PGE __ +CYCliC AMP 
4. PGE \tCYCliC GMP 
~GF2! \tDNA Synthesis 
PIG. 2. In the epiderm is and in OIher Ijssue~, PGE 
stimulates onlv ("velie AMP. not n;ctie GMP. Po~sjb l e 
ways in which ihe ·response might ne·med iaTf'd are shown. 
in this si tu ation an increase in cyclic AMP would 
be unrel at.ed to the inc rease in DNA s~·nt he~ i~. I 
am unaware of such a mechanis m exis t ing in an~· 
other I issue. 
Secondly. the increase in PGE may l e~d 10 an 
increase in cycliC" AMP which then induces the 
increased DNA synthesis. As pointed out earlier. in 
most other S~!SlemS increases in cyclic AMP lend tn 
d iscourage ra t her than encourage cell proliferat ion. 
Also. in two of the ex perimen tal si tuations the 
peak incrE'ase in c~Tli(' AMP ha~ been found to 
follow rather t han to precede the inc-rease in DNA 
synthesis. 
Thi rdl y. the increase in c~Tli(' AMP ma~' $ome-
how increase cycl ic GMP which then directly ac ts 
to accele ra te DNA syn thesis. This would he attrac · 
tive in \"iewofthe import a nce of cyclic GMP in the 
fib rob last. Iymphoryte. and salivary gland . There 
is. howe,·er. no known way by which an inc rease in 
cyclic AMP could ca use an increase in c~'clic GM P. 
Fourt hly, alt.hough PGE is not known to stimu -
late cycl ic GMP format ion. PC F 2" can cau~e such a 
rise. PGE may be convert ed to PGF2" which could 
s timulat e cyclic GMP formation and DNA synthe-
sis. More data on PGF20 formation a nd cyclic GMP 
fo rmat ion in the skin a re needed to evaluate this 
possibil ity . 
There are, th erefore. objections to all of the 
above propositions and t he problem remains fo r 
furt.her experi mentation. 
rO~(,Ll!SJOl\S 
Based on cu rrent evidence in nonepid erm a l 
systems, an in crease in cyclic GMP ma~' be the 
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prime stimulus to increase DNA synthes is and cell 
m ul t.iplication. 
In the epidermis, an in crease in epidermal cell 
proliferation is accompanied by an increase in 
cycl ic AM P. Th is is t rue of both psoriasis and 
exper imentally induced in creases in DNA synlhe. 
sis. 
In experimentally produced increased epidermal 
cell proliferation, a rise in PGE precedes the rise in 
cyclic AMP and cell proliferation . 
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